These cells accumulate because they fail to die, demonstrating prolonged survival. However, these B cells can proceed to high grade lymphomas, suggesting that extended cell survival is tumorigenic. 3 The germinal centre of the lymphoid follicle provides a microenvironment for the generation of memory B cells and plasma cells. After stimulation with antigen, B cell blasts seed the primary follicle, which matures into a secondary germinal centre with well defined anatomical zones. 4 Bcl-2 protein staining is intense in the follicular mantle zone. B lymphpocytes within the interfollicular regions are often positive. In striking contrast, most cells within the germinal centre are negative for Bcl-2. 5 Centroblasts within the dark zone fail to stain for Bcl-2, which is also absent from centrocytes in the basal portion of the light zone, laden with tingible body macrophages. Bcl-2 protein returns uniformly at low intensity within the more apical portion of each light zone, where residual antigen localised to the surface of follicular dendritic cells appears to select high aYnity B cells. Most Bcl-2 positive cells coexpress the CD22 B cell marker but not the CD3 T cell marker.
There is considerable evidence to suggest that the follicular lymphoma known also as follicle centre cell lymphoma or centroblastic/ centrocytic lymphoma is the neoplastic equivalent of the normal germinal centre. It is composed of B cells in a background of follicular dendritic cells. 6 The cellular composition of centroblasts and centrocytes reflects the appearance of cells in the normal germinal centre and these cells are of B cell lineage. Analysis of the DNA shows not only clonal gene rearrangement but also evidence of ongoing somatic mutation and antigen aYnity selection.
In contrast to the benign follicle, the cells of most cases of follicular lymphoma are Bcl-2 positive. Because 85-90% 7 of cases of follicular lymphoma have the t(14;18) translocation, it has been assumed that this translocation causes excess stimulation of the bcl-2 gene and is therefore responsible for the Bcl-2 positivity of the neoplastic follicles.
However, there is evidence suggesting that this is not the case, namely: + Within an individual lymphoma, there is a variability in Bcl-2 positivity, with the proliferating centroblasts being negative and the centrocytes positive.
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+ If the t(14;18) translocation was the explanation for the expression of the phenomenon, one would expect that in the neoplastic follicle there would be far more bcl-2 mRNA than in the benign follicles, which is not true. There is abundant bcl-2 mRNA as assessed by in situ hybridisation in the benign follicles, possibly more that is found in the neoplastic ones.
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+ In cases where there are bcl-2 negative follicles and an interfollicular neoplastic infiltrate, there is a strange appearance of the negative follicles, contrasting with the positive interfollicular areas (P Kluin, personal communication, 1998). What makes this even less credible a story is the evidence that the phenomena that aVect the expression of the bcl-2 gene in benign and neoplastic follicles aVect several other proteins. Thus: + The synthesis of several proteins is known to be downregulated when B cells move into the germinal centres-for example, CD44, L selectin, CD24, CD45RA, and several other uncharacterised proteins. [13] [14] [15] Of these, CD24 and CD24RA are present in 60-80% of the neoplastic follicles and L selectin in about 20-30% of cases. None of these proteins is encoded on chromosomes 14 or 18. + The anomalous expression of bcl-2 mRNA has led to the view that the neoplastic process aVects the control of protein synthesis in the germinal centre. We have studied the expression of the gene encoding CD24 in germinal centre and neoplastic follicles. In contrast, we have observed that in the normal germinal centre CD24 mRNA was absent, whereas in neoplastic follicles it was expressed strongly (unpublished data, 1998). Thus, for this and probably the other proteins, there is no special eVect on mRNA translation mechanisms in the germinal centre.
It has been shown that when follicular lymphoma aVects the spleen then neoplastic cells, which are light chain restricted, populate the marginal zone as well as the other B cell areas of the white pulp. Neoplastic cells in the follicular portions of the white pulp are Bcl-2 positive, whereas those in the marginal zone are Bcl-2 negative. 16 17 Similarly, the marginal zone tumour cells are negative for both CD24 and CD45RA (unpublished data, 1998).
From this it is possible to conclude that the expression of bcl-2, CD24, and CD45RA is not fixed in follicular lymphoma cells, but is very much dependant on the environment and possibly the stimuli to which the tumour cells have been exposed.
This has led us to consider the proposition that the expression of the genes encoding Bcl-2 and these other proteins in neoplastic follicles is not so much a factor of an inherent property but an anomaly consequent on the failure of these structures to induce the downregulation of these genes. In support of this theory, in vitro studies have shown that if normal, resting B cells are stimulated with antibodies to the B cell receptor and a variety of cytokines they show such downregulation, including downregulation of the genes encoding CD24 and Bcl-2. 18 19 A general form of support for this proposition comes from experimental studies with CLL cells in vitro. If the latter are stimulated to proliferate the synthesis of cytoplasmic Bcl-2 is downregulated. 8 If this theory is correct, then there should be evidence to suggest that the neoplastic follicle is poorly formed and the neoplastic cells proliferating less actively than their benign counterparts. Such evidence does exist, namely: + In follicular lymphoma, the follicular dendritic mesh is often very bizarre and "broken up" (for example, with staining for CD23). + Electron microscopic studies show that the follicular dendritic cells are poorly formed with stunted dendrites. 20 Acid cystein proteinase inhibitor and acetylcholinesterase have been shown to be present in the follicular dendritic cells of the normal germinal centre but are poorly expressed or absent in those in the neoplastic germinal centres. 21 22 + Follicular dendritic cells in normal germinal centres bind antigen and complement, this does not occur in neoplastic follicles.
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+ In the normal germinal centre the cells show polarisation, with large centroblasts at one end and centrocytes at the other. The characteristic feature of neoplastic follicles in that this form of development is absent. + The state of cell proliferation in the reactive germinal centre is in the order of 60%, with cell proliferation in the dark zone being in the order of 100%. It is of interest that the average state of proliferation in a follicular lymphoma (∼ 20-30%) is that seen in the light zone of the normal germinal centre. 24 Is it of importance that in the neoplastic follicles the proliferating centroblasts are often Bcl-2 negative, in contrast to the non-proliferating centrocytes, which are Bcl-2 positive. Studying the distribution of Bcl-2 in the normal germinal centre provides a further possible explanation as to why follicular lymphomas are Bcl-2 positive. Korsmeyer's group found that the few Bcl-2 positive cells in the normal germinal centre were B cells, not T cells, as is so often stated. These cells were located in the subapical position in the germinal centre. In eVect, this implies that as the germinal centre cells mature they reacquire the Bcl-2 that they have lost. 5 Is it possible that the phenotype of the cells in follicular lymphoma is that of the most mature type in the apical portion of the light zone, a consequence of their survival, escape from apoptosis, and subsequent maturation.
Staining for Bcl-2 is used extensively in the diagnosis of follicular lymphoma. Although it is very useful, anomalies have been encountered that are not predictable, nor easily explicable. This suggests that much has to be learned of the biology of this disease.
